Delayed Blood Sugar Determinations

—FEvaluation of a Blood Preservative—

By WALTER M. BOWMAN, Sc.M., and PHILIP E. ENTERLINE, B.B.A.

ACH YEAR, millions of persons in the
United States have blood tests for syphilis.
If it were possible for an additional blood speci-
men to be drawn and shipped to a central lab-
oratory at the same time, and there tested for
glucose content, a diabetes case-finding program
- could be operated at little additional expense.
Probably the most important technical problem
would be preservation of the glucose content of
the whole blood until the glucose determination
could be made.

It is well known that the glucose content of
whole blood disappears when the blood is stored
for any period of time. Sunderman and others
(7) stated “at room temperature glucose dis-
appears from oxalated blood at an approximate
rate of 5 percent per hour.” A number of
studies of various blood preservatives have been
reported, often with contradictory results (2,
3y 4y 6). Most of these studies indicated that
sodium fluoride apparently has desirable prop-
erties as a preservative. In the prevention of
glycolysis, Baldwin (6) showed that sodium
fluoride inhibits enolase, the 11th enzyme
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in enzymic glycolysis, but does not inactivate
the other enzymes. The most promising in-
hibiting agent for all enzymes seemed to be a
combination of 1 mg. of thymol with 10 mg.
of NaF per milliliter of whole blood, as reported
by Sander (2). (Sodium fluoride in this
amount is a satisfactory anticoagulant.)

The West Virginia State Health Department
and the Public Health Service coopera-
tively tested this preservative to determine its
usefulness in a diabetes case-finding program
invoiving a delayed glucose determination. The
results are presented in this paper.

At the outset, it was decided to use a method
of blood glucose determination which was spe-
cific for true glucose. The method had to be
highly reproducible and adaptable to testing a
large volume of specimens. The Nelson method
(7) seemed to meet these criteria because it is
not as subject to interference from saccharoids
as some of the older methods, and stability of
color makes it possible to examine large num-
bers of specimens without danger of fading.
Certain modifications of this method were made
to increase its reproducibility and adaptability
to large numbers:

In measuring changes in the glucose content
of blood, the reproducibility of the test itself
must be estimated. If reproducibility were
poor, it would be difficult to decide whether de-
viations from some previously observed blood
sugar level were due to inability to reproduce
test results or due to actual changes in the blood
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sugar level. Test reproducibility, as it applies
to the experiments described here, in the main,

is affected by two types of error: (a) the in- -

herent error of the test itself, that is, the differ-
ences in glucose values which are observed in
simultaneous replications on the same blood
sample; and (b) the day-to-day error of the
test, such as day-to-day changes in solutions
used, calibration of equipment, temperature,
and humidity, that affects test results. Error
refers to the standard deviation of recorded re-
sults around the mean of these results (assumed
to be the true glucose value). Estimates of
error can therefore be interpreted as the range
of deviations which would occur as the result
of factors other than changes in glucose level
in 68 out of 100 observations, while 2.58 times
this error is the range which would occur in
about 99 out of 100 observations. (The dis-
tribution of differences around assumed true
glucose values appeared sufficiently normal to
warrant this interpretation.)

Day-to-day error was estimated by perform-
ing the Nelson test on standard dextrose solu-
tions on several days. The results obtained on
five replications on standard solutions, repre-

senting five glucose levels tested on three differ-
ent days, are shown in table 1. From the results
of this experiment, both the inherent error and
the day-to-day error of observed results on
standard solutions could be estimated at each
glucose level. Tests for statistical significance
(F test applied to each glucose level, 2 and 12
degrees of freedom) show that the day-to-day
error is probably negligible or nonexistent—
there are no day-to-day changes in solutions
used, calibration of equipment, and so on, that
materially affect test results. In the experi-
ments described, therefore, estimates of the in-
herent error of the Nelson test have been used
to measure reproducibility. Thus, the standard
deviations shown at the bottom of table 1 are
measures of the reproducibility of the Nelson
test when used on standard solutions.
Although incidental to the experiments de-
scribed here, table 1 illustrates an important
point in the establishment of the calibration
curve. Even with quantitatively known dex-
trose solutions, a single observation will fre-
quently deviate from the expected value. As
can be seen by the magnitude of the standard
deviations shown at the bottom of the table,

Table 1. Observed replicate values for 3 different days on dextrose solutions of known glucose
content
R Known glucose value (Ing. percent)
eplica-
Observed values tion No.
50 100 150 200 250

1 51. 2 100. 6 149. 4 195. 5 255. 9

| 2| 500 99, 4 1512 | 2041 250. 0

Istday - - - - 3 48. 8 100. 0 150. 6 204. 1 254. 7
4 50. 0 100. 0 153. 5 200. 0 248. 8

5 49. 4 100. 0 150. 0 197. 1 246. 5

1 49. 4 101. 2 151. 8 198. 8 250. 0

2 48. 2 100. 6 147. 6 197. 1 248. 8

2dday. oo eeeeee 3 48. 8 98. 2 144. 7 201. 2 248. 2
4 48. 8 102. 9 152. 9 198. 2 250. 6

5 51. 2 100. 6 150. 6 201. 8 248. 2

1 48. 8 101. 2 147. 1 195. 9 257. 6

2 48. 2 100. 0 152. 4 201. 2 247. 1

3dday oo 3 51. 2 100. 0 151. 8 201. 2 245. 9
4 48. 8 98. 8 150. 0 198. 8 252. 9

5 51. 2 97. 6 151. 8 197. 1 254. 1

Mean value_ - e 49. 6 100. 1 150. 4 199. 5 250. 6
48. 2 97. 6 144. 7 195. 5 245. 9

Range of value. oo 51, 2 102. 9 153. 5 204, 1 257. 6
Standard deviation (inherent error)___.___| _________ 1. 13 1. 28 2. 38 2.74 3. 60
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the range of these deviations tend to increase
with the height of the glucose level, so that
multiple observations are particularly impor-
tant at the higher levels.

In determining blood sugar levels in the ex-
periments reported below, quantitative dextrose
solution controls for a glucose control of 100 mg.
percent were always incorporated with each
“run” of blood specimens. When the reading
on the control in a given run deviated from the
expected value by more than 3 mg. percent,
procedures were checked and specimens were
retested on the assumption that a procedural
mistake had occurred. (This tended to mini-
mize day-to-day error, if it existed, in the exper-
iments described.)

Experiment With Replications

The following experiment was designed to
evaluate the effectiveness of 10 mg. NaF and
1 mg. thymol per milliliter of blood in preserv-
ing the glucose content, as measured by the
Nelson method.

Twelve tubes of blood were collected in B-D
" Vacutainers from each of six donors. Six of
each donor’s tubes contained 50 mg. of NaF and
5 mg. of thymol; the remaining six contained
only 10 mg. of potassium oxalate as an anti-
coagulant. The fluoride and thymol were
thoroughly pulverized and were added to the
tubes with a microspatula calibrated to hold
55 mg. of powder. The tubes were evacuated
for a volume of 5 ml. immediately before use to
insure sufficient vacuum at the time of collection.
Sterility was not maintained, but gross con-
tamination was avoided by wiping the outside
of the tubes with 70 percent ethanol before they
were opened for the addition of the powder.

Before the tourniquet was applied, the donor’s
arm was sponged with iodine-ethanol, and the
needle with holder attached was introduced into
the vein with the Vacutainer in place. The
tourniquet was removed and the tubes contain-
ing NaF-thymol and those containing oxalate
were filled alternately. The tubes were in-
verted and shaken 6 to 8 times, as they were
filled, to mix the blood with the preservative or
the anticoagulant.

The tubes of blood from each donor were
divided into 3 groups, each comprising 2 oxa-
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lated tubes and 2 tubes containing NaF-thymol.
One group was examined exactly 1 hour after

" collection. The second group was mailed to a

town 135 miles away; then remailed to the
laboratory and tested 96 hours after collection.
The third group was kept, without agitation, in
the dark at a constant room temperature, and
tested 96 hours after collection (except blood
from donor No. 4 which was tested at 144
hours). Within each group, 3 independent
blood sugar determinations were made from
each tube. Since 2 tubes were treated and pre-
served identically, 6 replications for each obser-
vation were effected. The mean results of the
6 replications on blood from each donor are
shown in table 2 along with their standard
deviation from this mean.

As would be expected on the basis of Sunder-
man’s report (1), the glucose content of unpre-
served specimens dropped considerably; the
amount of glucose remaining at the end of 96
hours varied with the initial level. Itisevident
that glycolysis in unpreserved specimens
started immediately if we assume that the true
glucose content at the time the blood was drawn
was about that observed at 1 hour in the pre-
served specimens. (This assumption is sup-
ported by the fact that, as will be shown later,
blood sugar levels in preserved specimens re-
mained relatively constant with the passage of
time.) As shown in table 2, the mean results
obtained on the six replications tested at 1 hour
were lower on all unpreserved specimens than
on preserved specimens. They were, in fact,
about 5 percent lower on the average, as sug-
gested by Sunderman. In general, the differ-
ences between results at 1 hour on preserved and
unpreserved specimens are highly significant
statistically, indicating a real difference in sugar
content. (K test with 1 and 10 degrees of free-
dom, applied to 1-hour observations on each
donor.)

This experiment provided some information
on whether changes occurred in the glucose con-
tent of blood preserved with NaF-thymol when
tested at 1 hour, when mailed and tested at 96
hours, or when tested after being stored at room
temperature for 96 hours. If the preservative
were completely effective, one would expect the
mean values for preserved blood from each
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Table 2. Means and standard deviations of 6 replicate glucose values on preserved and unpre-
served specimens from 6 donors showing results before and after mailing and storage

Preserved specimen (sodium fluoride-thymol) Unpreserved specimen (potassium oxalate)
Donor No. Room tempera- In mail 96 Room tempera- In mail 96
1 hour ture 96 hours hours 1 hour ture 96 hours hours

Mean [ S.D.| Mean |S.D.| Mean |S.D.| Mean |S.D.| Mean |[S.D.| Mean |S. D.
) S 100.7 { 0.52 100.3 | 1.03 | 10L5| 1.38 96.5 | 1. 38 G <5 |cccnan
b S, 77.8 | .72 77.3 | 2.07 72.5 | 2. 59 73.3 | .21 <5 |oooo-- <5 |oceoo-
: S, 73.5 | 1. 05 75.7 | 2,16 74.7 | 0. 52 63.7 | 1. 86 <5 |occann <5 |ccoaon
4. 154.3 { 2.34 |1172.8 | 2.79 (1170.0 | 4.77 | 145.5 | 3. 89 1L20 ... 110 |-
- P, 336.513.33| 320.0|3.29 | 332.5|4.28 | 326.2 | 1.33 | 173.8 | 4.07 | 224.8 | 2. 79
(i 220.5 | 4.18 | 201.5|3.21 | 202.7|2.73 | 213.3 | 4.45 52.5 (1302 137.5| 251

1 144 hours after withdrawal.
S. D.—Standard deviation.

donor (table 2) to be not significantly different
from each other. There were numerical differ-
ences. Application of a test for statistical sig-
nificance to observations on preserved blood
from each donor indicates that a change prob-
ably occurred in preserved blood from 3 of the
6 donors. (F test with 2 and 15 degrees of
freedom.) Two of these changes were decreases
and 1 was an increase.

It is apparent that many of the factors which
affect the glucose content of blood were uncon-
trolled in this experiment. These could not be
identified. No doubt some of these factors are
inherent in the donor’s blood, as suggested by
Bose and De (8), while others are probably due
to differences in handling specimens. Stored
and mailed portions of preserved specimens
generally differed considerably less from one
another than either differed from the initial
value, indicating that time had more effect than
did shipment versus storage.

The experiment summarized in table 2 pro-
vides estimates of the inherent error in the Nel-
son test which, in the absence of day-to-day
error, are measures of its reproducibility when
used on blood—measures which were used in the
test for statistical significance. Data shown in
table 1 provide measures of the reproducibility
of the Nelson test when used on standard solu-
tions. These are shown as standard deviations
on both tables and demonstrate a direct relation-
ship between reproducibility and glucose level.
In general, reproducibility appeared to be
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slightly poorer on blood than on standard solu-
tions. This was to be expected since more steps
are involved in making glucose determinations
on blood than on standard solutions. Roughly,
it would appear from table 2 that the Nelson
test can measure the glucose content of blood
within 1.5 percent of the true glucose level 68
times out of 100, while 99 times out of 100 (2.58
S. D.) it can measure within 4 percent. This
estimate of reproducibility was of considerable
importance in deciding whether changes in
glucose content of blood actually occurred and
was used in evaluating the results of further
experiments described below.

Stored Specimens

In the experiment just described, it was pos-
sible that bloods from each donor, preserved
and handled under identical conditions, would
show the same behavior pattern with respect to
changes in glucose content. This was not the
case. In blood from 1 donor the glucose content
increased, in 2 it decreased, and in 3 it did not
change significantly. In effect then, thisexperi-
ment gave only 6 observations on what turned
out to be an important source of variation and,
while showing that the combination of NaF
and thymol is generally effective as a pre-
servative, the experiment provided inadequate
information on the frequency with which
deviation in individual specimens would prob-
ably occur when used in large-scale projects.

To learn more about the behavior of indi-
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Figure 1.

Glucose differences in milligrams per 100 ml. of blood between initial and subsequent

Nelson readings, 75 preserved specimens stored at room temperature
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vidual specimens and to obtain more informa-
tion regarding the manner in which preserved
bloods tend to behave with the passage of time,
specimens from 97 donors were collected in
tubes containing the preservative and were ex-
amined at various intervals up to 120 hours.
All specimens were drawn as in the preceding
experiment. Examinations were made on 75
of these specimens 1 to 4 hours after collection,
then at 20, 44, 68, and 96 hours; on 22 specimens
examinations were made 1 to 4 hours after col-
lection, then at 20, 44, and 120 hours. Between
examinations, the specimens were kept in the
dark at a constant room temperature and were
not agitated except for mixing to permit
glucose determination.

On the basis of the reproducibility of the
Nelson test, estimated above to give results
within 4 percent of the true value 99 times in
100, differences of 6 percent or more probably
represent real changes in the glucose content of
the specimens (when a ratio of the difference
between specimens to the standard error of the
difference in excess of 2.58 is considered signifi-
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cant). At the last test, the observed glucose
content on 43 of the 97 specimens deviated from
the initial content by as much as this amount.
It is probable, therefore, that the glucose con-
tent actually changed in nearly half of these
specimens. Of these 43 changes, all but 6 were
increases.

The results on the specimens stored for 96
hours were considerably better than those stored
for 120 hours. Of the 75 specimens stored for
96 hours, only 29 changed significantly; of the
22 specimens stored for 120 hours, 14 changed
significantly (all increases).

Figure 1 shows the glucose differences ob-
served between the first test and the 20-, 44-, 68-,
and 96-hour tests on the 75 specimens on which
the last test was made at 96 hours.

Shipped Specimens

An experiment was conducted to approximate
the conditions under which the preservative
might be used in a diabetes case-finding pro-
gram and to obtain further information on the
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effect of shipping. During a 30-day period in
the late spring of 1952, 85 blood specimens were
collected in tubes containing the preservative.
A portion of each specimen was examined
shortly after collection at the West Virginia
Hygienic Laboratory. The remaining portion
was mailed to a point 135 miles away and re-
mailed to the West Virginia Hygienic Labora-
tory. This subjected the specimens to more
varied handling than would normally occur in
transmitting specimens from a collection point
to a central laboratory. From the time the spec-
imens were collected until they were examined
the second time, they had been agitated a mini-
mum of 18 times and had traveled by truck 9
times and by train twice. The time between
the testing of the first portion and the testing
of the second portion varied from 48 to 120
hours.

Five of the 85 specimens apparently changed
by as much as 10 percent and 21 by as much as
6 percent. Again, lack of test reproducibility
probably would not account for those devia-
tions in excess of 6 percent, and it is likely that
the glucose content actually changed in about
a quarter of these specimens. Generally, this
group of specimens behaved better than the 97
stored specimens, partly due, no doubt, to the
shorter period between the first and last test.
The results of testing the 120-hour specimens
were relatively poor. Of 30 specimens tested
at 120 hours, the glucose content of 10, or a
third, had changed, whereas, of the 55 tested
at or before 96 hours, the glucose content of 11,
or a fifth, had changed. The distribution of
differences between the first and last test on
these 85 specimens is shown in figure 2.

Discussion

Experiments involving 188 different blood
specimens and 849 independent blood sugar
determinations indicate that changes in the
glucose content of whole blood preserved with
NaF-thymol occurred when these specimens
were stored at a constant room temperature or
shipped and then were tested as long as 120
hours after collection. For the 135 stored and
shipped specimens tested within 96 hours, the
preservative appeared to be quite satisfactory.
Of these, it is estimated that the glucose content
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Figure 2. Glucose differences in milligrams per
100 ml. of blood between initial and 48-120-
hour Nelson readings, 85 preserved shipped
specimens.
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actually changed in less than a third (in 42).
These changes were small (only 6 were 10 mg.
percent or greater) and were about equally di-
vided between increases and decreases in glucose
content. On the other hand, the glucose content
changed in nearly half (25) of the 53 specimens
stored for 120 hours or more ; 22 of these changes
were increases.

It was concluded that, beyond 96 hours, NaF-
thymol loses some of its effectiveness and may
actually cause increases in the glucose content
of some specimens. However, for blood sugar
determinations delayed for 96 hours or less, the
preservative appears adequate, and the changes
it permits are not the type which would cause
any appreciable diagnostic error. Subsequent
use of NaF-thymol in a statewide diabetes de-
tection program in public health clinics, involv-
ing the collection of specimens in parallel with
those drawn for syphilis and testing them for
glucose content in the State hygienic laboratory
at Charleston, W. Va., has shown the preserva-
tive to be quite satisfactory.

Summary and Conclusions

1. A series of experiments is presented to
determine the value of the combination of 10 mg.
of sodium fluoride and 1 mg. of thymol per milli-
liter of whole blood in maintaining the glucose
content of blood, under conditions which would
be characteristic of a diabetes case-finding pro-
gram, conducted in conjunction with blood-
collection programs for venereal disease.
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2. As a basis for evaluating observed changes
in the glucose content of blood when tested at
varying intervals after being drawn, an esti-
mate of the reproducibility of the Nelson test
for glucose determinations was made. This
estimate indicates that results obtained by the
Nelson test will be within 4 percent of the actual
glucose value 99 times in 100 and that differ-
ences between observed values in excess of 6
percent probably represent real differences in
the glucose content of the specimen.

3. In three experiments involving a total of
188 different blood specimens and 849 independ-
ent glucose determinations, statistically sig-
nificant increases and decreases were observed
in the glucose content of stored and shipped
specimens containing the preservative.

4. For periods up to 96 hours, it was esti-
mated that less than a third of the blood speci-
mens actuaily changed in glucose content.
These changes were small. They were about
equally divided between increases and decreases
in the glucose content of specimens and would
probably be of little or no clinical significance
- in diabetes case-finding programs.

5. The preservative was not considered satis-
factory for periods beyond 96 hours.
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A detailed version of this paper, containing a
more complete description of procedures and re-
sults, may be obtained by writing to the Hy-
genic Laboratory Division, West Virginia
Department of Health, Charleston, W. Va.

Training Course in Epidemiology for Nurses

The Communicable Disease Center of the Public Health Service is
offering a refresher course in communicable disease control to public
health nurses and instructors in communicable disease nursing, April
26 through May 14, in Atlanta, Ga.

The course is designed to give an understanding of the problems
of present day communicable diseases and their control. Epidemio-
logical principles and techniques will be emphasized. Field experience
under supervision will be available to a limited number of students
following the completion of the course.

For further information and applications, individuals should write
to the director of public health nursing of their own State health

. department or to the Medical Officer in Charge, Communicable Disease
Center, Attention, Chief Nursing Consultant, 50 Seventh Street NE.,
Atlanta, Ga.
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